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Abstract

This research was conducted to study the impacts of herbicide formulation on
the cost and efficacy of common preemergence herbicides. Granular and spray-
applied formulations of flumioxazin, indaziflam, pendimethalin + dimethanamid-P,
and prodiamine were evaluated for control of four weed species including dove weed
(Murdannia nudiflora), crabgrass (Digitaria sanguinalis), eclipta (Eclipta prostrata),
and spotted spurge [Euphorbia maculata (syn. Chamaesyce maculate)].

INTRODUCTION

Research has shown nursery growers often spend up to $4000/acre on hand weeding
in containers (Mathers, 2003). In terms of “over-the-top” applications, only certain annual
grasses can be controlled selectively (Derr, 1993; Senesac and Neal, 1992), necessitating the
need for preemergence herbicides (Derr, 1994).

Preemergence herbicides are available as either granular or spray-applied
formulations (dry flowables, liquids, emulsifiable concentrates, etc.). There are advantages
and disadvantages associated with each formulation in terms of application, applicator skill
needed, and cost. Briefly, spray-applied formulations are more economical, can be applied to
wet foliage, can be applied more uniformly, and have been shown to provide superior weed
control in certain instances (Bartley et al., 2014). Granular formulations require no special
equipment in order to apply, can be applied in areas inaccessible by booms or large sprayers
(i.e., shade houses), and more active ingredients are available in granular formulations for
over-the-top applications. The objective of this trial was to compare efficacy of four
preemergence herbicide active ingredients for control of common summer annual nursery
weed species and to determine which species would be most problematic depending upon
active ingredient. Average chemical cost savings growers could achieve by selecting spray-
applied or granular formulations was also calculated by collecting price data from multiple
sources.

MATERIALS AND METHODS

This research was conducted at the Mid-Florida Research and Education Center in
Apopka, Florida and at the Gulf Coast Research and Education Center in Wimauma, Florida
in 2016 using similar methodology. Nursery containers (1.3 gal, 10 in. diameter, 6 in. depth)
were filled with substrate comprised of equal parts pine bark and peat (50:50, v/v) plus
standard fertilizer and amendments. After pots were filled, equal amounts of doveweed
(Murdannia nudiflora), crabgrass (Digitaria sanguinalis), and eclipta (Elipta prostrata) (in
Apopka) or equal amounts of crabgrass, eclipta, and thickhead (Crassocephalum crepidiodes)
(Wimauma) were hand sown to the surface of each container, ensuring that all seeds were
evenly distributed across the container surface. Granular or liquid formulations of
flumioxazin, indaziflam, dimethenamid-P + pendimethalin, or prodiamine were applied on
13 and 21 April in Wimauma and Apopka, respectively. Spray-applied formulations were
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applied using a CO; backpack sprayer calibrated to deliver 20 gal. per acre using an 8004 flat
fan nozzle (TeeJet Technologies, Glendale Heights, Illinois, USA) at a pressure of 30 psi while
granular formulations were applied to each pot separately using a hand-shaker. All pots
were irrigated using over-head sprinklers and received 0.5 in. total per day via two separate
irrigation cycles. The experiment was designed as a completely randomized design with six
single pot replications per treatment at each location. Data collected included weekly counts
of each weed species for 12 weeks. At approximately 12 weeks after treatment (WAT), all
weeds were cut at the soil line and shoot fresh weights were determined individually for
each species. All data were subjected to ANOVA using the PROC GLM statement in SAS (SAS
9.4, SAS Institute, Inc., Cary, North Carolina, USA). Fisher’s Least Significance Difference Test
was used to separate out the means and all differences considered significant at p<0.05.
Significant differences observed in weekly weed counts were reflected in fresh weight data;
therefore, for the sake of brevity only fresh weight data will be discussed.

RESULTS
Formulation comparisons

1. Crabgrass.

Fresh weights showed prodiamine, pendimethalin + dimethenamid-P, and indaziflam
provided similar control of crabgrass and there were no differences observed between
formulations (Table 1). Of herbicide treated pots, the highest fresh weights were recorded in
pots treated with flumioxazin, but no differences were observed in formulation. In
Wimauma, no differences were observed in any herbicide treatment (or formulation).

2. Eclipta.

In Apopka, there was no difference in eclipta fresh weights between formulations of
flumioxazin, indaziflam, or prodiamine; however, pots treated with the granular formulation
of pendimethalin + dimethenamid-P contained significantly higher fresh weights (35.4 g)
than pots treated with the spray-applied formulation (5.0 g). Treatments of pendimethalin +
dimethenamid-P (EC), indaziflam (both formulations), and flumioxazin (both formulations)
resulted in lower fresh weights than pots treated with prodiamine (either formulation). In
Wimauma, the spray-applied formulation of flumioxazin provided better control of eclipta
when compared to the granular formulation while the reverse was true for prodiamine.

3. Doveweed.

In terms of formulation comparison, the only difference observed was that pots
treated with the granular formulation of indaziflam had lower fresh weights when compared
to pots treated with the spray-applied formulation of indaziflam. No other differences in
formulation were observed between any of the herbicides. Flumioxazin (both formulations),
indaziflam (G), and pendimethalin + dimethenamid-P (both formulations) provided
significantly greater doveweed control compared to prodiamine.

4. Thickhead.

No differences were observed in formulations of any herbicide with the exception of
prodiamine in which application of the granular formulation resulted in lower fresh weights
than the spray-applied formulation.

320



(60°0>=d)

189} 0S7 pa1oslold sJaysid uodn paseq jualagip Apueduiubis Jou aue Jaye| aseo-Jaddn swes ay) Aq pamoj|0 MOJ YIea UIUJIM SUBSW pUE JaYJa| 8SBD-1amo| SWeS 8y} A pamoj|o} Uuwn|od Yoes UIYlM SUBS|;
‘Anua Aue Aq 8oud pasiaApe UB PaIapISu0d aq Jou pinoys
pue Ajuo sesodind [euolieanpa Joj papnjoul S uoleuLIojul 39ld “paseyaind Aypuenb pue ‘sejel xe} ‘Buiddiys ‘uoneao| ‘oususb Jo aweu puelq ‘Jojnguisip uodn paseq Ajqelapisuod Alea |im saoud 1onpoid
Yoes Jo djel [aqe| papusiwiodal Jsaybly ayy Buisn siseq ai0e Jad 1S00 B UO pajenojes pue sioinqguisip sidiynw Aq pjos saweu puelq Buipes) jo aoud abesone Buienoes Aq paauep sem sod ajdwex3e
*8.08 Jad Juaipaibul aAijoe Jo spunod = (/e sq|) sjey;
‘pinbi| = 7 'S8)EUBU0D B|GEYISINWS = HJ UOIJeUBdU0I UoISUSdsNS = O ‘sajqemoy) Aip = 4q ejnuelb = 9,

9l ¢l 0l 80 - - - 003397
EQY vall vegl vevl - - - [04u0)
ge g'¢ vece g9 ¢0 gq0%0 09 gl 1 aulelpold
gqege vaq0¢ vae ¢l 9900 0747 gl 9 aulwelpoid
poo V200 V200 Va00 41 Gl+¢ o4 d-Plweueyiswip + uleyiswipusd
Pa0) Y20 Voqge 80 Vaq00 Gog Gl+¢ 9 d-Plleueyiswip + uljeyiswipusd
P00 V200 V200 vaq00 G0¢ 700 S wejjizepu
99 ¢ Yoq 0L gvoge 6°0 g9¢0 gge 700 9 weyjizepu
P10 v2 00 Yo 10 vaq00 90} .80 4d uizexoiwni4
9 ¥'¢ Vvoq L'} Vae ¢'l Val0 00€ 180 9 uizexoiwni4
~ (B) m ysauy jejol peayyoIy L eydifo3 sseibqesd
ewinewipy
9'Ge ¢Sl 8'1¢ ¥'9¢ - - - 90087
B 298l 6y 8¢9 Ve [yl - - - [0u0)
qéeyl dqe y'¢y Ve L'66 090 09 gl 1 aulwelpoid
q8lyl gevls Ve 1°88 0/ 0747 gl 9 aulelpold
206G g 00 Yo 0§ g 00 41" Gl+¢ 03 d-Plleueyiswip + uljeyiswipusd
AV g 10 Va ¥'6¢ gLl g9¢ Gl+¢ 9 d-Plweueyiswip + uleyiswipusd
J21°¢E Va1°¢ce g 00 g 00 00¢ 700 3S wejjizepu
AR YocC'll 800 V2 0'9¢ gg8¢e 700 9 wejjizepu
qeeel 3900 99 091 Yacell 90l L€°0 4d uizexoiwnig
qe ¢'1Gl 2980 g99 ¢yl W4 w.omr 00€ 180 9 uizexoiwni4
ejdody
~ (B) m ysauy jejol paamaroQ eydifo3 sseibqes) () 2(v/e sqj)
(6) 3yBram ysaiy Jooys pasp\ cV1s09 a|dwex3 ajey HLIoHEINWIOS opIdIqIoH

'sa109ds paam Pa3da[as Jo [013U0D dduIawaa1d 10j sap1diqray paljdde-Aeads pue denueid jo £oedyyd ‘1 d[qeL

321



No significant differences were observed when comparing spray-applied and granular
formulations of the same active ingredients in Apopka. Of herbicide treated pots, pots
treated with flumioxazin and prodiamine had greater total fresh weights compared with
pots treated with indaziflam or pendimethalin + dimethenamid-P. In Wimauma, pots treated
with spray-applied formulations of flumioxazin and indaziflam had lower fresh weights
compared with pots treated with granular formulations of the same active ingredient. Of all
herbicide treatments, lowest total fresh weights were recorded in pots treated with spray
applied formulations of flumioxazin, indaziflam, and both formulations of pendimethalin +
dimethenamid-P.

Weed prevalence by active ingredient

1. Apopka.

For pots treated with flumioxazin, crabgrass was the most prevalent weed species,
followed by eclipta and doveweed. Indaziflam provided very effective control of eclipta (0.0 g
fresh weight) and the predominate weed species in pots treated with indaziflam was
crabgrass and doveweed for the granular formulation; doveweed was the only species in the
spray-applied formulation as all crabgrass and eclipta were completely controlled (Table 1;
Figure 1). Eclipta was the predominate weed in pots that were treated with pendimethalin +
dimethenamid-P. Similarly, for pots treated with prodiamine, eclipta was the predominate
species followed by doveweed and lastly crabgrass.
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Figure 1. Weed prevalence by species in each herbicide treatment (percentage of each
weed species).
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2. Wimauma.

Few differences were observed in weed fresh weights between the herbicide
treatments and weed growth was considerably less for all species in Wimauma when
compared to weed growth in Apopka. Species distribution similar among most treatments
with the exception of indaziflam granular in which thickhead grew larger than crabgrass,
prodiamine granular in which eclipta and thickhead grew larger than crabgrass and the
spray-applied prodiamine in which thickhead grew larger than both eclipta and crabgrass.

DISCUSSION

Results from this trial indicate that in general, granular and spray-applied
preemergence herbicides provided similar control. However, it should be noted that in this
study granular products were applied to each pot individually and carefully distributed
across the container surface. Research has shown that in real-world scenarios, granular
preemergence herbicides typically result in high variability (up to 250%) from one pot to
another within a container block (Barker and Neal, 2016), and if the application is not made
correctly, poor weed control will result. It should also be noted that all weed species
evaluated in this trial have relatively large seeds. Previous research evaluating the impact of
herbicide formulation for small-seeded broadleaf weeds (Euphorbia maculata or spotted
spurge) has shown increased levels of control from spray-applied formulations of
flumioxazin compared to granular (Bartley et al., 2014). Results of this study also illustrate
how weed species prevalence will change depending upon active ingredients that are
applied for control. For example, prodiamine, a dinitroaniline herbicide is highly effective on
grass weeds. Crabgrass grew poorly in pots treated with prodiamine but as this active
ingredient is also largely ineffective for eclipta or doveweed, those species became prevalent.
The reverse was true for pots treated with pendimethalin + dimethenamid-P; in these pots,
crabgrass was controlled with pendimethalin (also a dinitroaniline herbicide) and doveweed
was controlled well by dimethenamid-P which has a different mode of action.
Dimethenamid-P also has activity on eclipta, but typically does not result in complete control
of high infestations. As evidenced in part by this study, it is important to rotate through
various modes of action throughout the year in order to achieve desired results.

Given that few differences were noted in this study, growers should consider several
factors which choosing between herbicide formulations. First, crop safety and tolerance
should be the primary concern. While granular herbicides may provide increased safety in
certain cases, there are several liquid preemergence herbicides which are labeled for over-
the-top applications to hundreds of ornamental plants including isoxaben and dithiopyr
(Gallery®SC and Dimension®, Dow AgroSciences), dimethenamid-P and pedimethalin
(Tower® and Pendulum® 3.3 EC, BASF Corp.), and prodiamine and s-metolachlor
(Barricade® and Pennant Magnum®, Syngenta). For field crops and in situations where
directed applications could be made (as well as non-crop areas), flumioxazin (SureGuard®,
Valent Corp., USA) and indaziflam (Marengo®, OHP Inc.) could be used. A standard 50 Ib. bag
of granular preemergence herbicide could cost approximately $75; in this case, treating an
acre at the highest label rate (ex., 200 lbs.) would cost $300. To treat the same acre with a
comparable liquid herbicide could be expected to cost approximately $55. For a 50-acre
nursery making three applications per year, switching to spray-applied herbicides would be
estimated to result in savings of $36,750 ($45,000 annual cost for granular vs. $8,250 cost
for liquid) which does not include labor cost savings associated with liquid applications.
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